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The present invention relates to* a process for preparing dichloroethane by oxychlorination reaction and 
an apparatu^.useid. fpr the process. 

There have been known a technology in which hydrogen chloride which is by-produced in an industrial 
production of vinyl chloride monomer by thermal decomposition of dichloroethane is reacted with ethylene 
5 in the presence of oxygen to convert to dichloroethane again, which is cajled an oxychlorination process. 

The oxychlorination process is practically carried out in ah industrial scale by a method using a fixed- 
bed (Fig. 7) or by a method using a fluidized-bed (Fig. 8). 

In the above two methods, a mixture .of ethylene, a gas of oxygen source and hydrogen cjiloride is fed 
to a reactor. As the method for feeding the gas of oxygen source, there are three methods, i.e. feeding a 
io pure oxygen gas, or feeding an oxygen enriched air, or feeding air. 

When feeding the oxygen gas or the oxygen enriched air, there is a disadvantage that the oxygen gas 
or the oxygen enriched air must be previously prepared. But in viewpoint of exhaust gas treatment, an 
amount of exhaust gas is advantageously small. 

On the other hand, according to the air feeding method, though air can be used as it is without any pre- 
is treatment, a nitrogen gas exnaused infalar^e^arnOuht contains chlorinated organic compounds. Therefore, it 
is necessary to treat such a large amount of the exhaust gas' before releasing it to atmosphere.' in the event, 
the methods of feeding the oxygen gas or the bxygen enriched air are more advantageous because of a 
reduced amount of the exhaust' gas// *^ ' 

In order to safely achieve the reacSbh. "-it is important for every method to make a mixing ratio of 
20 ethylene and oxygen being out of the fegirin of flammable mixtures. For this purpose, when feeding air, an 
oxygen concentration makes lower by^Siyidedfy 'teedirig the air. 

When feeding oxygen or the oxygen 'enriched air, since such a divided feeding is not effective, the 
reaction is conducted out of the region of flammable mixtures by feeding an excess amount of ethylene. In 
this case, the excess ethylene should \ po separated after the, reaction, compressed ^n^eturned to aminlet 
25 of the reactor for circulation^ Thefefdfe;' accdrdihg to thfc methods of feeding oxygen or the oxygen enriched 
air, there are problems that ah excess 7 amoSni of ethylene is and that apparatuses .for ..separation 

and compression of ethylene are necessary/ / 

In comparison with a fixed-bed'' reactor df multiple" tube type, when using a fluidized-bed reactor, the 
construction of the apparatus is -simple and a catalyst powder can be "packed easily. Further, an 
30 improvement of the reaction efficiency can be expected, because a uniform f rea^ be 
kept. However, there is a problem that, in' the fluidized-bed realtor, Vis scarcefy possible that the mixing 
ratio goes out of the flammable mixture region, even if oxygen is dividedly fed. 

As mentioned above, there , are. mjdepeodept problems. .in every conventional ijoxychlori nation process 
with respect to. treatment pf ; an exhaus^gas.-acost for preparation otpxygen and ayojp;ariqe of formation of 
35 flammable . mixture.. However, each .of,, the., processes has. been selectively carded out depending - on 
circumstances. Particularly, ,when emplqying the method of feeding oxygen or the ^oxygen, enriched air for 
maintaining atmospheric surroundings by reducing the amount of the exhaust gas, apparatuses, are newly 
and additionally required for the preparation of oxygen and for the avoidance of formation of flammable 
mixture. In the event, there are more problems in comparison with the air feeding method. 
40 The oxychlorination process may be carried out by separate two stages, i.e. a stage for converting 
ethylene to dichloroethane by making ethylene contact with a catalyst and a stage for oxidizing the catalyst 
used for the chlorination with the gas of oxygen source. Regarding to this process, Kominami et al. reported 
the results by using a laboratory puis reactor with a fixed-bed (Kominami et al., Bull. Japan Petroleum Inst. 
8, 27-30 (1966)). Any industrially embodied installation, however, has not been discussed until now. Namely, 
45 such a two-stage reaction is regarded as particular means for fundamental researches, and thus one could 
not find any industrial utilization therein. 

In U.S. Pat. No. 4,668,802 is described a process in which preparation of maleic anhydride by a vapor- 
phase oxidation of butane in the presence of a solid catalyst is carried out by recycling and regenerating 
the solid catalyst, and also is described an apparatus comprising a butane oxidation reactor and a separate 
so catalyst regeneration reactor, wherein the solid catalyst is recycled between the two reactors. However, it is 
silent about preparation of dichloroethane, and any practical embodiment of the apparatus is not described. 
Of course, there is no teaching about the problem due to use of hydrogen chloride, i.e. exhaust gas 
treatment. 

The present inventors came to grips with industrialization of the two-stage process and found that the 
55 two-stage oxychlorination process can be accomplished by transporting and circulating a catalyst between a 
chlorination reactor for ethylene and an oxidation reactor for the catalyst, and then the present invention has 
been completed. 

According to the present invention, there can be provided a process for preparing dichloroethane by 
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using ethylene, hydrogen chloride, a . gas of oxygen source and a solid catalyst, which comprises; 
connecting a chlorination reactor. for. chlorinating ethylene with an oxidation rieactor for oxidizing the solid 
catalyst through two catalyst powder transport lines; contac ti ng, in the chlorination reacto r, the solid catalyst 
which is in .a fluidized state .with the gas of oxygen source which -.may contain hydrogen chloride; 

5 introducing the solid catalyst into- the chlorination reactor; preparing dichloroethane by contacting, in 'the 
chlorination reactor, the solid catalyst with ethylene which may contain- hydrogen chloride; removing the 
product effluent gases by separating the product effluent gases from the solid ^catalyst; and returning the 
solid catalyst to the oxidation reactor. 

The present invention can also provide an apparatus for preparing dichloroethane-^ by using ethylene, 

70 hydrogen chloride, a gas of oxygen source and a solid catalyst, which comprises an oxidation reactor- for 
oxidizing the solid catalyst, and a chlorinatio n rea ctor for chlorinatin g ethylene in the presence of the solid 
^catalyst; said oxidation reactor com pri isi nglrgas distributor, for forming a -flulcTized'bed of I he solid catalyst, 
a gas feed line for feeding the ; gas.of oxygen source which may contain hydrogen- chloride below the gas 
distributor, and a gas exhaust line for. exhausting a gas which, has been used:«for-.fluidizing' the -solid catalyst 

75 and for oxidizing the solid catalyst from .the upper, portion of the oxidation reactor; .said- chlorination reactor 
comprising a gaseous reactant feed., line ..for. feeding ethylene which may • contain hydrogen chloride to the 
lower portion of the chlorination reactor, and a gaseous product effluent line for removing the product 
effluent gases by separating the product effluent gases from the solid catalyst; and said two reactors being 
connected with each other through a catalyst feed line for circulating the solid catalyst by taking out the 

20 fluidized solid catalyst from the oxidation reactor and transporting the solid catalyst to the chlorination 
reactor and through a catalyst recovering line for circulating the solid catalyst by transporting the solid 
catalyst separated in the gaseous product effluent line to the oxidation reactor. 

Fig. 1 shows a diagramatic view of an embodiment of the preparation apparatus of dichloroethane 
v according to the present invention; 

25 , Fig. 2 shows a diagramatic view of another embodiment of the apparatus according to the present 
invention; 

Fig. 3. shows a diagramatic view of the other embodiment of the apparatus according to the present 
- invention; 

; ; Fig. 4 shows a diagramatic view of still another embodiment of the apparatus according to the present 
30 ^, invention; 

y Fig. 5 shows a graph representing the region of flammable mixtures of ethylene-oxy gen-inert gas; 
• Fig. 6 shows a graph representing the relation between an amount of gas leakage from one reactor to 
the other, reactor and a pressure difference of the oxidation reactor and the chlorination reactor; 
Fig. 7. shows a diagramatic viewof a conventional preparation apparatus of dichloroethane; and 
35 Fig. 8 shows a diagramatic view of another conventional preparation apparatus of dichloroethane. 

According to the oxyclori nation process of the present invention, the two reaction stages, i.e. the stage 
in which ethylene is chlorinated in the presence of a catalyst and the stage in which the thus reduced 
catalyst is oxidized to regenerate its activity, are carried out in the separate reactors, i.e. the chlorination 
reactor and the oxidation reactor, while the catalyst is circulated between the two reactors. The words 
40 "oxidation" and "reduction" in this specification means change of valency of the catalyst. 

In the present invention, ethylene is fed to the chlorination reactor and the gas of oxygen source is fed 
to the oxidation reactor. Hydrogen chloride is the essential reactant, and may be fed to at least one of the 
chlorination reactor and the oxidation reactor. Particularly, hydrogen chloride is preferably fed to the 
oxidation reactor together with the gas of oxygen source. Of course, hydrogen chloride may be fed to both 
45 reactors. According to the present invention, there are three combinations of the gaseous reactants feeding. 
The following explanation, however, mainly concerns with the case that hydrogen chloride is fed to the 
oxidation reactor. 

In the present invention, since an oxidation zone where the catalyst is oxidized by using the gas of 
oxygen source and hydrogen chloride is provided apart from a chlorination zone where ethylene reacts in 

so the presence of the oxidized catalyst, the exhaust gases can be released to atmosphere as they are, or 
even if a treatment is necessary, by such a simple treatment that a trace amount of hydrogen chloride in 
the exhaust gases is removed. Further, since ethylene is not intentionally admixed directly with the gas of 
oxygen source, even if oxygen or the oxygen enriched gas is used as the gas of oxygen source, there Is 
less danger that the mixing ratio of ethylene and oxygen falls into the region of flammable mixtures. 

55 Therefore, the reaction can be safely conducted without using an excess amount of ethylene or without 
divided feeding of the gas of oxygen source. In addition, a vapor-phase oxidation (combustion) reaction 
between ethylene and oxygen does not substantially occur, which leads the reaction conversion of ethylene 
to a higher level. 
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Ethylene and . hydrogen chloride used in the present invention are the ethylene and the hydrogen 
chloride used for preparation of dichloroethane by conventional oxychlori nation processes, and are not 
particularly limited. 

The gas of oxygen source used in the present invention may be air, an oxygen enriched air or oxygen, 
5 and is preferably air, because preparation of oxygen or the oxygen enriched' gas is not necessary. 
According to the process of the present invention, the exhaust gas which predominantly contains nitrogen 
gas is released from the oxidation reactor, and it is not substantially required to remove any exhaust gas 
from the gaseous product, unreacted ethylene or unreacted hydrogen chloride. This can- solve the most 
serious defect of the prior processes when using air. Even when oxygen gas or the oxygen enriched air is 
to used as the gas of oxygen, source, the reaction of that gas with the catalyst is conducted in the zone where 
ethylene is substantially absent, and the reacted gas is exhausted without contacting with ethylene, and 
therefore, there can be solved the defects of the prior processes when using oxygen and the like, i.e. the 
defect that an excess amount of ethylene is fed for avoiding formation of the flammable mixture or the 
defect that the excess ethylene in the gaseous product must be separated and compressed to circulate. 
76 The comparison of the present invention with the prior industrial processes is shown in Table 1. In 
Table 1 , X shows that there is a defect relative to other processes in the designated item. 
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The catalyst used in the present invention is a. catalyst known as the catalyst for oxych I ori nation, for 
55 example, a copper chloride-alumina catalyst prepared by co-precipitation : or impregnation. Since the 
catalyst must be fluidized when contacting with 'the gas of oxygen source ;and must be circulated by being 
fluidizedby the gaseous reactant upon the oxych lorination reaction, the catalyst preferably has an average 
. particle size of not more than 1 mm. most preferably within the range of 20 to '300 urn. Particularly, a 
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catalyst of copper chloride carried on alumina having a specific surface area of 1 to 500 m 2 /g is preferred. 
When a particle size is too large, a large flow rate is required to form desired fluidized states upon oxidation 
by the gas of oxygen source and upon chlorination of ethylene. Consequently, there are problems that it is 
necessary to increase the feed rate of the gas of oxygen source in the oxidation stage, and that a contact 
5 time of ethylene with the catalyst becomes shorter in the chlorination stage. When^a particle size is too 
small, since a separation efficiency of the catalyst from the gases becomes lower, a loss of the catalyst 
from the reactors becomes larger. 

The preferable conditions or embodiments to achieve the process of the present invention are explained 
in the followings. . , 

io A feed rate of the mixed gas of the gas of oxygen source and hydrogen chloride to the catalyst 
oxidation reactor depends upon a particle size of the catalyst and a kind of the gas of oxygen source. When 
using air as the gas of oxygen source, a feed rate of the mixed gas is controlled within the range of 
approximately 1 to 500 cm/sec, preferably 5 to 100 cm/sec. When the feed rate is within the above range, 
since the catalyst forms a good fluidized state, it is easy to keep the state in the oxidation reactor for rapidly 
is mixing the catalyst with the gases and for rapidly removing generated heat. Further an amount of the 
catalyst lost by splashing can be reduced. A mixing ratio of air/hydrogen chloride is preferably within the 
range of 1/1 to 1/0.2 (mole ratio), particularly 1/0.8 to 1/0.4. . . 

A contact time of the mixed gas of the gas of oxygen source and hyarogen chloride with the catalyst is 
preferably within the range of 0.1 to 100 seconds, particularly 0.2 to 10 seconds for obtaining desired 
20 oxidation of the catalyst A contact temperature is preferably within the range of 100* to 400" C, particularly 
150* to 250 *C in order to maintain the reaction activity and to inhibit vaporization of the catalyst metal to 
keep the structure of the catalyst. Since the oxidation reaction generates a large amount of reaction heat, it 
is preferable to provide a coiled tube for heat exchange in the fluidized-bed of the catalyst. 

The gas of oxygen source which has been used for oxidation of the catalyst is exhausted together with 
25 unreacted hydrogen chloride. Before the exhausting, since a part of the catalyst is- transported by the 
exhaust gas, it is preferred that the exhaust gas is released after recovering the catalyst which is separated 
by a solid-gas separator such as a cyclone. In case that oxidation of the solid catalyst is carried out by 
using only the gas of oxygen source, the exhaust gas can be released as it is, since the exhaust gas does 
not substantially contain other gaseous components. Even if the catalyst is retumediwith hydrogen chloride 
30 to the oxidation zone of ( the catalyst and thus the exhaust gas contains hydrogen chjipride, the hydrogen 
chloride-containing exhaust gas can be released by a simple treatment for removing only hydrogen 
chloride, such as by washing with water. The separated and recovered catalyst jDy the soliaVgas separator is 
returned to the oxidation zone. '\ A "'■ v - ' ^ 

The oxidized catalyst is transported from the oxidation zone to the chlorination zone where ethylene is 
35 chlorinated. The transportation method of the catalyst from the oxidation zone to the chlorination zone is not 
particularly limited. In view of constant transportation and prevention of leakage of the gas of oxygen source 
to the chlorination zone, it is preferred that the fluidized catalyst falls downward due to its deadload. An 
amount of the catalyst transported per hour from the oxidation zone to the chlorination Jzone, although it 
depends on the reaction efficiency in the oxidation zone, is preferably within the rarige of 5 to 5000 times, 
40 particularly 50 to 500 times the amount of the catalyst present in the oxidation zone. The catalyst 
transported to the chlorination zone contacts with ethylene to produce dichloroethane. 

Though the theoretical ratio of (circulation amount of catalyst)/(feed amount of ethylene) is 2/1 as a ratio 
of (mole of metal carried on a catalyst)/(mole of ethylene), a larger ratio, e.g. 2/1 to 100/1 can give a high 
conversion in the practical operation. 
45 Also, though the theoretical ratio of ethylene/hydrogen chloride : to be used is 1/2 (mole ratio), it is 
preferred that one is used in excess of the other, i.e. 1/Vto 1/4. particularly 1/1.8;to 1/2.2. 

The way for contacting the Catalyst with ethylene is 'not pjarticularly, limited. For example, it is preferred 
that the catalyst and the gaseous; reactant. are fed from a lower- portion of a long vertical chlorination reactor, 
and the chlorination reaction is cjarried out by conveying;the catalyst on the gaseous reactant stream, since 
50 the catalyst is effectively use£ in the chlorination anc! ithe .. whole '.reaction; gone can be easily set to 
preferable reaction conditions- because of a uniform reaction- temperature distribution. 

A flow rate of those fluids in the chlorination zone of the chlorination reactor is preferably within the 
range of approximately 1 cm/sec to 10 m/sec. particularly 50 cm/sec to 5 m/sec. in view of fluidization and 
circulation of the catalyst within the apparatus. Those' fluids preferably reside in the chlorination zone for 0.1 
55 to 100 seconds, particularly 02. to 10 seconds. As a temperature of the chlorination zone there can be 
generally employed the range of 100* C to 400 9 C, preferably 150 to 250' C. 

After the completion of the reaction, the solid catalyst is separated from the gaseous product containing 
the gaseous reactant, and is returned to the oxidation zone, then circulated. The product effluent gas is 
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introduced. to an. after-treatment stage, and t there the desired diehloroethane.te separated from -ethylene. • 

According to the above-mentioned process, dichloroethana can be .produced in a reaction- conversion of 
50 to 100 % on .the. b,asis of .ethylene. . ; : . ..t ,„» ; : .{ . H . . •/ O "n.-w 

The above .explanation- relates to the case; that the oxidation of the'icatalystis carried .out by- using 1 a 
5 mixed gas of the gas„pf ; pxygen, source and hydrogen, chloride. In- case that 'the catalyst is* oxidized by using 
only the gas of oxygen, source, which is air, a feed, rate is preferably withiri the -range of 1 -.to =500^ cm/sec,' • 
particularly 5 to 100. cm/sec. . ■, .. > • •. 

When the catalyst which is fed to the chlorination zone contains chloride atom in a sufficient amount'for 
the chlorination (the manner. in which .the chloride atom is.eontained is 'not clear), only ethylene may be : fed 
;o to the chlorination. zone. VVh.en containing an insufficient amount of chloride -atom,, hydrogen chloride may 
be additionally fed to the chlorination zone. .. ■ ■ •« ■ *•»■?. : * 

As is explained above, in the process of the invention, careful attention is paid to prevent 1 contact "and 
mixing of ethylene with/Jhe gas of oxygen source for -avoiding; the danger of explosion.^" . vr? * • * 
The flammable .mixture regjon .-which. is formed- by .ethylene,, oxygen*arid an. inert gas is. shown in-Fig. 5. 
is Since the lower limit of the flammable mixture region is about 2 % of ethylene content and a -safety- region ■• • 
is narrow, the practical operation .should .be farcied ; out within'the wider safety 'region which is 'formed above- 
the upper limit. : ..„ *• : ■ ,:.>,..-, . • r .i>'-;-- . ■ 

Even in this, two-stage Qxychlori nation 'process, since the catalyst is transported, mixing of the u gases 
through the catalyst transport lines may happen. As a result, the gas which has been used for oxidizing the 
20 catalyst may be. contaminated with the unreacted- ethylene or ^.the dichloroethane: product, or the ^gas of 

oxygen source .may jeak into the. chlorination reactor:- ■■>. •., ... 

In the above. situationsi in case, that a-.smalhamount of. oxygen leakSiOut to the chlorination reactor and 
is mixed wjth ; ethy : j^ne ,*.the...safe,ty : operation region isuwide-because the-.mixture is near^theiupper lirhit of the : 
flammable .mjxture region .shown .in ffig. ,5. iln. case •that v :ethylenev|eakS'/but.t<>* > the < oxidation-reaetor.vahd is ' 
25 mixed with the gas containing oxygen, however^ there-.;is c a -/dang'er .thatoSthe>le^ 

amount ol ethylene forms a flammable mixture beeasue>the fmixture-iis.>nearvth'e^bwerilimit : of ^he- -region: 
Further, when.the exhaust gas.frorn the oxidation reactor main h/'cdntaining; nitrogen gas 'and Water -which is 
produced,^, the ; oxidation (are.poo.taminajted with; chlorinated nydroeaFbonsJeaked'outffforn -the chlorination : 
reactor, the exhaust gases must be subjected to a cleaning treatment prior to the* tolea^i^srdi^hdifio&.' ■ 
30 Therefore iv among T ,th.e, ^twp, pases,.. ;the : case.t-that-^the -..gas--?leaks>eut ^toi the :« oxidation reactor^ frorfr We 
chlorjqatic^fea^^^ -iKOitto *>ry rih- .- ; j /}./;•-.:•• v*'tear*.i%. <:; \ f ) ww i;**?/. r 

In order, jtp eff e,etiyejy : inhibij['.such. a gas trarns(e.r4hro t ugh:.theicata!yst transport Hnes^paiMtilafl^tne gas 
transfer from, : tlj§§c.hlori^ £be?Qxid.aJtien reactor,- an Mnnen pressure -of rthe ^oxidation ireactoMs -' 

•maintained higher than an inner pressure of the chlorination reactor. According to this method, it is possible 
35 <to prevent ethy.lene^frprn going 
.beyond theJower Jimit.pt the flarprnable. mixture^regipnrshown in ■ Fig,: «5'.t On' the other hand, 1 aecording' to the 
method, though. an,.annount of oxygen-; which/ leaks.^out to, the chlorination reactor is \ increased,- there is^no • 
substantial problem, because the formed gas mixture is within the relatively wide safety region above-the 
upper limit. .n- * • •«-. --m ;•■ . •* ^ ip* '■ t-'r'V 

40 A pressure difference between the two reactors is preferably* within the range of 0.01 -to 10 mhfeO, 
particularly 0.05 to 1 mH 2 0. When the pressure difference is lower than 0.01 mH 2 0, the effect obtained by 
setting the .pressure difference, is not. remarkable;:. When higher than m10 mH 2 O i "almost of the gas in the 
oxidation reactor flows into the - chlorination. reactor,, and -.further, controlling of the- catalyst' trans"f>ort'atioh 
becomes difficult. The catalyst can move from the chlorination reactor to the oxidation reactor by- gravity 
45 against the pressure .djffe/ence..'.. . .,- \ • -,: . • v . - ■ ;t * . *: ; :.. b; v.r--.. . , 
In order to .more effectively, prevent -the. gases rfrom leaking: through the catalyst transport lines, an inert 
■ gas may be introduced jnto. the two -catalyst ?transpqrt . lines -between.^ the two reactors:-fThisnntroduction"Gah 
inhibit the mixing ; of. ethylene with air pr.can. prevent the: exhaust- gas suchi as- nitre^en-gasJfrom..rhixing with 
ethylene or dichlorqethane, more, effectively. ^Examples of?the :inent gas are. for instances nitrogen' gas or ^the 
so like. The inert gas is preferably fed in.jsuch; a*minimum --amount/that the>.eatalyst powder^layer^cah^be 
fluidized. A .suitable flow rate, which .varies with, fa -forma of »:tr^e.« catalyst particle, 5 is-:generally?set>"so'- that a ' 
superficial velocity, on the basis of a sectional area- of the :catalystcfeed- line. pipe falls into^the' range of 0-005 
tO0.5m/sec.- ■ .... . >. ■: • . .. !,-..,ki . - \. t. fry 1 • 

The present , invention also relates to an apparatus used for preparing dichloroethane by >the -two-stage 
55 oxychlorinatipn process. j-.. s • 

The apparatus of the invention is explained hereinbelow by referring the accompanying drawings. For 
simplifying the explanation, the following explanation mainly directs to a case that the gas fed to the 
oxidation reactor js a gas mixture of air and hydrogen chloride (hereinafter referred to as "oxidatibn gas") 
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and that to the chlorination reactor is fed only ethylene. Of course, the apparatus of the present invention 
may also be employed In the other cases or their combinations. • 

In Fig. 1, the numeral 1 designates an oxidation reactor for oxidizing a solid catalyst 3 which -is in a ' 
fluidized state above .a gas distributor 2. The oxidation reactor 1 has a gas feed line 5 for feeding the 
5 oxidation gas. to a windbox 4, a gas exhaust line 6 for exhausting the oxidation gas after contacting with the 
solid catalyst 3, a catajyst feed line 7 for transporting the catalyst 3 to a chlorination reactor 11 for a 
chlorination reaction, and a catalyst recovering line 8 for recovering the catalyst which has been used in the 
chlorination reaction to the oxidation reactor 1 . 

The oxidation reactor 1 is preferably a vertical toweMike reactor having a space above the fluidized-bed 
w of the catalyst, because the catalyst powder is prevented from splashing. The gas: 'distributor 2 is preferably 
provided near the bottom portion of the oxidation reactor, because the catalyst powder can be wholely 
fluidized in a.good state..- ■»■.*.: \ 

As the gas distributor 2, there may be employed a porous, plate which is capped for avoiding plugging 
of pores, or a .nozzle. In. a relatively small apparatus, there may be preferably employed, for example, a 
?5 sintered metal plat© in: view of simplification. ' - *■ - ' * - 

The catalyst feed line 7, is preferably provided so that the line extends downward with incli nation ^from 
the oxidation reactor 1 to the lower portion of the chlorination reactor 11. With the catalyst feed line 71s 
preferably prpvided, for example, a control valve 10 for the catalyst powder flow such' as a butterfly valve, a 
ball valve or a throttle .valve. > 
20 The gas exhaust line 6 -is preferably provided with a cyclone 9 in order to separate the catalyst powder 
conveyed on the exhaust gas from the exhaust gas, then to recover and return it to the oxidation reactor 1. 

With the chlorination reactor* 11 are connected the catalyst feed line 7 for transporting the catalyst from 
the oxidation .reactor 1.a gaseous reactant feed line-12 for feeding ethylene as-tne gaseous reactant, and "a 
cyclone 14 . haying the catajyst recovering line 8 forreturning'the catalyst to the oxidation reactor after the 
25 chlorination ..and a -gaseous product effluent line 13* ^fpntaking out' the gaseous product • 

The chlorination. reactoiuis preferably <a vertical.toweMike reactor, v. • • 

With respect to -the relative, position of the chlorination reactor- 11 ^and the Oxidation reactor 1,'it'is 
preferred, as;shown in Fig. .1.- that the oxidatiomreactdr, 1 is -positioned between the levels of the tbp and the 
bottom of thejchlorinationteactoMI... - ■ . :.-,:- r ..-.-: ;> .. . \ r- * -. f-:- * ■: 

30 The catalyst vfeed-ljne;. 7 is .preferably connected* with -the lower: portion • of -the ^chlorination Reactor ' f 1 . 
The gaseous reactant feed Jine 12 is preferably connected with the chlorination-reaetor 1 t at a ■polh^of^the 
bottom portjqri pMbe? reactor (below the^point where 'the^catalyst-feed^line 7<is cohh^ctetJ^Accdrdmgftd this 
relationship, the: chlorination- reaction can be -suitably carried-out by conveying the^catalystwith thle'gaseous 1 
reactant. ...v ... ; • .v.;.:ij • • :Nv. ■ •'; t "■' *v ' »' - ! ' • '•• • > !-V : : 

35 The cyplone 14 -having. r the.. catalyst •recovering line 8 and' <the gaseous product effluent lines ^13 for 
taking out the gaseous- prod uet is preferably provided at the upper portion, particularly on the top of 'the 
chlorination. reaptor 11, be.casue the separation of the catalyst from the gaseous product can be smoothly, 
efficiently carried out •' * ' 

The catalyst recovering line 8 preferably communicates the bottom portion of the cyclone 14 with the 
40 fluidized portion of the catalyst 3 in the oxydation reactor 1. 
Another embodiment is shown in Fig. 2. 

In Fig. 2, the chlorination reactor 11 for chlorinating ethylene and the oxidation reactor 1 for oxidizing 
the solid catalyst after .the .chlorination are connected with each other through the' catalyst recovering line* 8 
and the catalyst feed line 7. . 1 

45 Ethylene is chlorinated by feeding ethylene to the lower portion of the chlorination' reactor 11, and 
contacting ethylene with the. solid catalyst 3 which is 'fluidized by ethylene: 'The thus 1 reacted solid catalyst 
is exhausted together- with the dichloroethane product from the upper portion of the chlorination reactor 11, 
and then separated from the . gaseous 'product by- the. «cy clone 14;> Dichloroethane (EDC)Tn<the gaseous 
product is condensed rand . recovered -by a condenser 15; and:- the remaining ndn-conderised 'gases 

so containing unreacted ethylene : is exhausted through an^exhaust valve 16. The* separated solid catalyst Ms 
transported to the oxidation ; reactor 1 -through the catalyst*' recovering line 8: -To the Mower rjortioh^Wlhe 
oxidation reactor 1, the oxidation gas is fed. The solid -catalyst is fluidized and oxidized toy the oxidation 
gas. The solid catalyst 3 in the oxidation reactor 1 Is transported to the lower portion of the chlorination 
reactor 11 through the catalyst feed line 7. The gases (steam and nitrogen gas) after'the oxidation reaction 

55 are separated from the catalyst, washed with water in exhaust gas cleaning facilities 17 to remove 
unreacted hydrogen chloride, and then released into atmosphere through an exhaust valve 18. 

In this embodiment, the inner pressure of the oxidation reactor Vis regulated to be higher than the inner 
pressure of the chlorination reactor 11. This pressure difference can be easily obtained by opening or 
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closing the exhaust valve 16 or 18. or by passing the exhaust gas through a controllable water head.- The 
pressure drfference. may be controlled according to the values detected by pressure sensors (not shown in 
Fig. 2) provided with , the reactors. 

Further, an inert gas such as nitrogen gas is fed to the catalyst feed line 7 and/or the catalyst 

5 recovering. line 8. ?When the inert gas is fed to the catalyst feed line 7, it is possible not only to prevent ; 
mixing of the gases in both reactors, but . also to control the amount of the catalyst transported to the 
chlorination reactor . 11 by regulating , the .flow rate of the inert gas.- Accordingly, the control valve for the 
catalyst powder flow shown in Fig. 1 is not necessary. When feeding the;inert ( gas to the catalyst recovering 
line 8. it is possible to prevent the leakage, of ethylene to the oxidation reactor 1 which should be most 

70 carefully avoided. ; • - , • . 

The safety -operation can be more insured by providing a 2-pipe ^portion 19 on the way of the catalyst 
feed line 7, If the amount. of the catalyst 3 in the oxidation ;reaetor 1 is decreased so that the upper level of 
the fluidized-bed goes down below the level .of the inlet oHhe catalyst feed line 7,- the; oxidation gas comes 
into the catalyst feed line 7. In such a case, when the Z-pipe portion 19 is provided, since the catalyst is 

ys accumulated densely in the portion and the portion is not kept empty, the leakage of the gas can be 
prevented. 

In Fig. 3 and Fig. 4, there can be shown embodiments which are characterized by the catalyst feed line 
7 and the catalyst recovering line 8. In the drawings the same parts as in Fig-, t are, designated by the same 
symbols. . , 

20 According to the . embodiment of Fig. 3. the catalyst is taken . out to the catalyst -feed line 7-frormthe' ' 
oxidation reactor 1 at the bottom portion. -which, is positioned, above the 'gas. distributor 2; The catalyst 
recovering line 8 .communicates ^with the upper portion of the- fluidized-:bed- in the oxidation reactor 1. 
According \oXhe arrangement, there is an advantage that'aVsufficieht residence 'time .'of the catalyst can be 
obtained while the catalyst powder, moves from the upper..portion to the lowers portion. ■ * ■ 

25 In thesembodiment of Fig. 4, the catalyst recovering * line 8 -is connected withtthe ; oxidation reactor 1 at 
its bottoms pprtioa which is .positioned -above., the * gas distributor 2. The inlet. of. the catalyst feed line 7 is 
provided aV.the upper, portion .of the fluidized-bed; .^hisiembodiment is particularly preferable in view -of 
circulation^.^ ;. >. s .s ■ 

The funejipn pf, tfoe eatalyst^feeaVJine.* and; the catalyst recovering- line is- to ^transport- the catalyst powder - 

30 smooth ly..\lp . addition, it is-.dqsired that, leakage and:mixing of the^gases through :the transportion is -inhibited' • 
as low as^QSSible^.fipj: obtaining the eftect.tfhe catalystirecoveringjlineifcis preferably introduced irito ; tne 
bottom portion of the fluidized-bed. Also, the catalyst feed line 7 is connected at a point near the upper 
portion of %e ; .fluidized-bed >in toe.pxidajipn reactor- 1;sand.-theicatalyst^is»,fed^to:#e 'bottom portion of- -the ' ■" 
chlorination^reaptprjU... ; : r f \.ir.. . . » « • • •» v " v v 

35 The aim of the. introduction of the catalyst recovering line 8- i nto the -bottom t port orw of the fluidized-bed 
in the oxidation, reactor 1„is4o extendithe catalyst powder lay en. 21 in-the line< 8 so . as to reduce 'leakage of. 
the gas. The fluidized-bed in the oxidatiqn. reactor 1 i s. positioned ibelow the.-cycloneM 4 which* is provided at 
the upper portipn.of the chlorination reactor 11, thereby the catalyst can move -Into the oxidation reactor 1 
by its deadlpad through the catalyst -recovering line 8; On the other hand, since-the flow of gases is mainly 

40 governed by the pressure difference, the gas in the oxidation reactor flows from the oxidation reactor of a 
higher pressure in the direction of the .cyclone 14 of a relatively lower pressure. At that time, the extended 
powder layer 21 in the line 8 can prevent. the gas flow. . • , 

The catalyst is taken out by the catalyst feed line 7 preferably from the upper portion of the fluidized- 
bed in the oxidation reactor 1, because oxidation gas leakage to the chlorination -reactor 11 can be reduced 

45 due to a lower pressure of the upper portion. On the other, hand, the flow rate of;the*gaseous reactant to the 
chlorination reactor 11 is controlled t to a- superficial velocity within the range of 1« cm/sec to -20\m/sec, 
preferably 10 cm/sec to 5 m/sec, particularly faster than- 0.5 m/sec. Since, the. density of the fluidized-bed in 
the chlorination reactor 11 becomes small at that flow rate, a good fluidized state in which a pressure loss in 
the direction of hight is small can be obtained. According to the conditions, since the bottom portion of -the ■ 

so chlorination reactor 11 can also be maintained at a pressure lower than the pressure in the oxidation 
reactor, the above flow rate may preferably be employed in view of controlling the catalyst transportation 
and the gas flow. 

In the embodiment of Fig. 4, there is provided the Z-pipe portion 19/ as is the same in Fig. 2. The inert 
gas is fed to the catalyst. recovering line 8 at one. point, and to the catalyst feed line 7 at two points. The 
55 inert gas fed to the Z-pipe portion 19 is to fluidize and transport the catalyst, and the inert gas fed to the 
point near the oxidation reactor is to make the movement of the catalyst powder in the line smooth. 

According to the present invention, any flammable mixture cannot be formed, since oxidation of the 
catalyst and chlorination of ethylene are carried out in the different zones, and preferably the inner pressure 
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of the oxidation reactor is higher than the inner pressure of the chlorination reactor. As a result, it is not 
necessary to provide a plurality- of reactors for dividing the gas of oxygen source as in the prior processes. 
Also, it is not necessary to feed an excess of ethylene and circulate the excess, unreacted ethylene after 
separation and condensation. - 

5 Further,- since the gas of oxygen source is not fed directly to the chlorination reactor, a consumption of 
ethylene due. to the vappr-phas.e oxidation (combustion) reaction can be reduced. . ' 

When using air as. the gas of oxygen source, a process for previously preparing oxygen* is hot 
necessary. Further, since the exhaust air (mainly containing nitrogen gas) is exhausted separatively from the 
gaseous product, air polution by chlorinated- organic compounds can be substantially avoided, and then the 

70 exhaust air can be released to atmosphere after a very simple treatment. 

The present invention is more specifically described and explained by means of the following 
Examples. It is to-be understood that the present invention is not limited to the Examples, and various 
changes and modifications may -be made in the- invention without departing' from the spirit and scope 
thereof. ; 

75 • 
EXAMPLE 1 

For this example, the -following apparatus as shown in Fig. 1 was used. The oxidation reactor 1 is a 
vertical cylindrical reactor having an inner diameter of 10 cm and a hight of 1.5 m. With the reactor is 
?o provided the^gas distributor 2 of a sintered metal plate at the bottom -portion; The reactor has the gas feed 
line 5 at the bottom portion for .feeding air to the windbox 4, and the gas 'exhaust line 6 having the cyclone 9 
at the upper portion. The catalyst feed line;7 having a diameter of 2 cm is -provided so as to extend from 
the bottom of the oxidation reactor 4* through the center olr the gas- distributor 2- to : the point above 1 the gas 
distributor 2 by 5 cm, and then opens .-in the «fluidized-bed> of the: -catalyst. The^cafalyst feed Tine 7 has the 
25 control valve 10 for ..the: catalyst powder flow, and is -connected to* the -lower portion of the -chlorination 
reactor 1 1. K Also. 'the catalyst. recovering ;line 8 having a diameter of 2 : cm^extehds r Wrn the cyclone 44 to 
the fiuidized-bed in'the .oxidation, reactor 1. The chlorination' reactor 1 1' is*a ^straight tube having ."ah inner 
diameter of 4 cm and a hight of 5 m. At the upper portion of the reactor- 11^ttte J cy clone 14 is^prbvided for 
separating the.. solid-catalyst; -iFhacatalyst recovering line 8:is connected to the^lbwe^pdftion-bf the cyclone, 
30 and the gaseous, product-affluent line 43 Js connected .to. the: upper portiori-of the •cyclone. - To jthe* k{ I6wer 
portion of the :chlomiatiorv:reactor'i1:*l: are connected 'the;;catalystfeed line 7;and the gaseous rea^taht^feed 
line 12. .... ... • .•.•.•••>.■' ''W • : c?.:a i v: " ■'■ 

The oxid.atiQn reactor 1 .was :cbarged with 7;kg of the oxychlorination catalyst 'having an average 'particle 
size of 100 um which was prepared by carrying copper chloride on alumina powder. The catalyst powder 
35 was fluidized <at 220' C by feeding air to the windbox 4 at-the rate of .:i^Wlnn1h/lh&--Miiu'il gas was 
exhausted through the.«.gas. ; exhaust:lihe '6. The catalyst was 'transported to'^the" chlorination' reactor 11 
through the catalyst feed-tine -7*at.;the;rate of about 700 g/min:by regulating the control vlave 10. 'At- the 
same time, ethylene and^hydrogen .chloride were fed through the gaseous reactant feed line '12 at the' rates 
of 50 t/min and 100 l/rnin, respectively. The reaction temperature :in the chlorination reactor 11 was 
40 230 -C. ■ v 

The gaseous product and the catalyst were separated from each other by the cyclone 9, and the 
catalyst was returned to the oxidation reactor 1. The gaseous product was taken 1 out by the gaseous product 
effluent line 13 to obtain dichloroethane. ' ' 

The exhaust gas could be released without any treatment, because the oxidation of the catalyst and the 
45 chlorination of ethylene were carried out in the separate zones. Also, since ethylene was not directly mixed 
with the gas of oxygen source, any flammable mixture was not formed and the reaction could be completely 
carried out Further, the treatment of the gaseous product was easy. 

COMPARATIVE EXAMPLE 1 

Dichloroethane was prepared according to the fixed-bed oxychlorinatibn ^process by using air and the 
apparatus shown in Fig. 7. 

In Fig. 7, the numerals 30, 31 and 32 represent conventional reactors of multiple tube type with catalyst 
packed beds 33, 34 and 35 for removing the heat of reaction. The tubes having an inner diameter of 3 cm 
55 and a length of 2 m which are Installed in each reactor are charged with the catalyst which is the same as 
in EXAMPLE 1. ...... 

Ethylene and hydrogen chloride were fed to the lower portion of the reactor 30 and were taken out from 
the upper portion, then fed to the lower portion of the reactor 31, taken out from the upper portion thereof, 
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subsequently fed to the lower, portion of .the reactor 32, and.finaily4aken.out from the upper portion thereof. . ■ 

In this operation, in order, to avoid formation of a flammable mixture^air was dividely fed so that one- 
third of the required air was fed to the lower portion • of, th&.reactor 30, one-third was fed to the lower portion 
of the reactor 31 , and the remaining one-third was fed to the lower portion of the reader 32. 

5 During .the reaction, the temperature of the »tube- of • each .reactor varied- in the direction of length. 

Namely, the temperature was distributed from 200 " C to 300 * C, and was highest at the center of the tube. 

The gaseous product from the upper portion of the reactor 32 comprised nitrogen (about -SO %), 
dichloroethane (25 %) and steam (25 %). For condensation and separation of dichloroethane from the 
gaseous product, a condenser having a large capacity was .required. Further, since the exhaust gas after the 

jo separation contained chlorinated organic compounds, certain cleaning facilities were necessary for releasing 
the exhaust gas to atmosphere. . 

COMPARATIVE- EXAMPLE 2 , 

75 Dichloroethane was prepared according to the conventional fluidized-bed oxychlorination process 'by 
using oxygen and the apparatus shown in Fig. 8.. 

The numeral v 40 in Fig. 8 represents a fluidized-bed type reactor having a gas- distributor 41 which is the * 
same as the. gas distributor. in Fig. 1 . The reactor 40 was charged. with the catalyst which is the same as in 
EXAMPLE and. thereto were. fed ethylene,, hydrogen chloride- and oxygen. which* was prepared by an 

20 oxygen preparation process 42. After the reaction was carried out at 230* C, the gaseous product was taken 1 
out from the upper portion of the reactor 40. The gaseous product was fed to a separation process 43 to 
separate an excess ethylene, and then dichloroethane was obtained. The separated ethylene was com- 
pressed by a compressor 44. and returned to the reactor 40. In order to avoid formation of a flammable 
mixture, ethylene .was circulated so. that.an amount of ethylene at the inlet of : the ■ reactor '40 »is four tirnes 

25 larger thar>a feted amount of pxygen. .->' •• *•■ 

A corrd^nsen haying a large ^capacity .was required for condensation; and separation -of dichloroethane as 
in COMPAJRA^yE .EXAMPLE 2 T Further, the compressor for ethylene was necessary. 1 ' ; - * : 
.......... • ■.. •..»■■..•■ i . : . ■ . ■ »..:. . k 1 • : • .■:«••■ • - v • . 

EXAMPLE^ ,: ,- t - t .... . .. M .. .'; , ■..,..,.>■.. • ^.v ■ ,-.■■..■! 

The Mowing experiment was . conducted in order;tO:show?the!'relatioh of a. pressure difference -between - " 
the chlorination reactor and the oxidation reactor to an amount of gas leakage. 

As an appara.tu^.for^the e*perjnienti :the.vapparatus. of Rg:«32was ! emp!oyed,"andi'air. washed 1 tor each • 
reactor instead of the gaseous reactant. When determining an amount of gas leakage from -the- oxidation- > 
35 reactor 1 tor the chlorination reactor 11, Freon- 12 was mixed as a tracer into the air which was fed to the 
oxidation reactor ;1 , ang^a concentration of-Ereon in the. exhaust-gas tfrom the xyclonetf'4- was measured: On • 
the other hand, when determining an amount of gas leakage from the chlorination reactor'H to the oxidation 
reactor 1, Freon was mixed into the air which was fed to the chlorination reactor, and a concentration of 
Freon in the. exhaust gas from .the cyclone 9 was .measured. ■ • 
40 A pressure difference was produced between the two reactors by regulating the exhaust valves 16. 18, 
and the produced pressure difference A P (inner pressure of the oxidation reactor - inner pressure of the 
chlorination reactor) was increased gradually from -200 mmH 2 0. • • . ■ 

As the chlorination reactor 11, a pipe having a diameter of 3 cm and a night* of 2 m was used, and as 
the oxidation reactor 1, a cylindrical reactor having a diameter of 10 cm and a hight of 1 m which was 
■ . 45 charged with 2, kg of alumina powder haying an average particle size of -about 100 urn was used. To the 
chlorination, reactor and- the- oxidation, reactor was fed air -at the . flow rates of 1.5 I /sec and 1 I/sec, 
respectively. The. flow rate of ; thertracer gas. .i.e. Freon was 0.5 -l/min. No inert gas was introduced to the 
catalyst recovering line 8 and. the catalyst Jeed line- 7. . : . .., v 

The results are shown in Fjg. 6. ... • - , .. . ...... . • •■•< ;., 

so As is clear : from Rg. 6, when the inner pressure of the oxidation reactor becomes ihigh, it is possible to ,! 
inhibit the leakage, of ethylene and. dichloroethane from the ••chlorination- • reactor to;the : oxidation, reactor 
which is the most dangerous and requires.an expensive cleaning treatment forthe exhaust gas. • ' • 

EXAMPLE 3 

55 

Dichloroethane was prepared by using an apparatus shown in Rg. 2. As the chlorination reactor 1 1 , a 
pipe having a diameter of. 3 cm and a hight of 3 m was used, and as the oxidation reactor 1, a cylindrical 
reactor having a diameter of 10 cm and a hight of 1.5 m was used. The other conditions were as follows. 
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Catalyst: 3 kg of.alumina powder having an average particle size of about 100 

urn (specific surface area of 200 m 2 /g) and carrying thereon copper 

chloride in amount of about 10 % by weight 
Chlorination reaction: . 

Feeding ethylene at the rate of 40 t/min. and the reaction was carried 

out at 210 'X. 

Oxidation reaction: 

Feeding hydrogen chloride at the rate of 80 t/min and air at the rate of 
105.1 /min, and the reaction was carried out at 210 ' C. 

Pressure difference (A P): 

The pressure of the oxidation reactor is higher by about 20 cmhfeO. 

Inert gas feeding to the lines: 

Feeding at the rate ol 0.5 t/min to the catalyst recovering line 8 and to 
the catalyst feed line 7. 

Cleaning treatment: 

Washing with 10 % aqueous solution of NaOH. 
The two-stage oxychlornation reaction was conducted under those conditions to obtain dichloroethane in 
a conversion of about 80 % based on 'ethylene. The exhaust gas from the cleaning facilities comprised 
almost nitrogen and oxygen, and did not contain any chlorinated hydrocarbon or ethylene which must be 
burned. 



Claims 

1. A process for preparing dichloroethane by using ethylene, hydrogen chloride, a gas of oxygen source 
and a solid catalyst, which comprises; connecting a chlorination reactor for chlorinating ethylene with an 
oxidation reactor for .oxidizing the solid catalyst through two catalyst powder transport lines; contacting, 
in the chlorination reactor, the solid: catalyst which is in a fluidized state witrvthe gas 6f oxygen source 
which may contain hydrogen chloride; introducing the solid catalyst into the chlorination reactor; 
preparing dichloroethane by contacting, in the chlorination reactor, the solid catalyst with ethylene 
which may contain hydrogen chloride; removing product effluent gases by separating the product 
effluentgases from the solid catalyst; and returning the solid catalyst to the oxidation reactor. 

2. The process of Claim 1, wherein' the gas of .oxygen source which contains hydrogen chloride is fed to 
the oxidation reactor. • . . :c i .■ ■ ■ . • 

3. The process of Claim 1 , wherein an inner- pressure of the oxidation reactor is maintained higher than an 
inner pressure of the chlorination reactor. 

4. The process of Claim 3, wherein an inner pressure difference of the oxidation reactor and the 
chlorination reactor is maintained within the range of 0.01 to 10 mH 2 0. 

5. The process of Claim 3. wherein an inert gas is introduced into at least one of the two lines which 
connect the oxidation reactor with the chlorination reactor. 

6. An apparatus for preparing dichloroethane by using ethylene, hydrogen chloride, • a gas of oxygen 
source and a solid catalyst, which comprises an oxidation reactor for oxidizing; the solid catalyst and a 
chlorination reactor for chlorinating ethylene in the presence of the solid catalyst; said oxidation' reactor 
comprising a gas distributor for forming a fluidized-bed of the solid catalyst,^ gas -feed line for feeding 
the gas of oxygen source which may contain hydrogen chloride below the gas distributor, and a gas 
exhaust line for exhausting a gas which has been used for fluidizing the solid catalyst and for oxidizing 
the solid catalyst from the upper portion of the oxidation reactor; said chlorination reactor corhprising a 
gaseous reactant feed line for feeding ethylene which may contain hydrogen chloride to the* lower 
portion of the chlorination reactor, and a gaseous product effluent line for removing product effluent 
gases by separating the product effluent gases from the solid catalyst; and said two reactors being 
connected with each other through a catalyst feed line for circulating the solid catalyst by taking out the 
fluidized solid catalyst from the oxidation reactor and transporting the solid catalyst to the chlorination 
reactor and through a catalyst recovering line for circulating the solid catalyst by transporting the solid 
catalyst separated in the gaseous product effluent line to the oxidation reactor. 
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. The apparatus of Claim 6. wherein the catalyst recovering line communicates with the fluidized-bed of 
the solid catalyst in the oxidation reactor at the lower portion of the fluidized-bed, and the catalyst feed 
line communicates with the fluidized-bed of the solid catalyst in the oxidation reactor at a point above 
the point where the catalyst recovering line communicates witht he fluidized-bed. 
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